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Abstract. The chromosome alterations with higher negative impact on reproduction of 
domestic species, particularly on swine (Sus scrofa domestica), are the reciprocal translocations (rcp). 
It is clear that its economic consequences are very important if the animals are selected to produce a 
large number of litters such as those used in insemination centres. Until 2008 a number of 148 
reciprocal translocations between two non-homologous chromosomes, as well as three different types 
of reciprocal translocations in those three non-homologous chromosomes are involved and three 
different Robertsonian translocations have been described in pigs. The chromosomes involved in the 
first group were all of the chromosome complement including the sexual ones, appearing involved in 
the reciprocal translocations among three non-homologous chromosomes the pairs 2, 4, 9, 14 and 15 
and the pairs 13, 14, 15, 16 and 17 in the Robertsonian translocations. The effects on the prolificacy in 
some of the types of these chromosome alterations have been analyzed. In these cases a clear reduction 
was observed when the females were inseminated with semen from carriers of translocations males. In 
some of them the percentage of fertility reduction has been calculated, observing in some cases even 
the sterility of the carrier animals. Other negative effects in some translocations, as the presence of 
congenital malformations in the newborn piglets, have been observed. Following the literature in 
sixteen countries from Europe (mainly France and Sweden) plus EEUU, Canada and India these 
alterations have been detected, without doubt result of their political of systematic studies of breeders. 
 
INTRODUCTION 
 
European programs of breeding genetics in domestic pigs have focused both on the 
reproductive characteristics as in the productive side, which has allowed, together with the 
advances in health, genetics, breeding and production systems, to be Europe the leader in the 
world even over China, USA and Brazil. From the point of view of the reproduction of the 
domestic pig breeds, a differential specialization of productive genetic paternal and maternal 
lines exists. In the first one, skills related to livestock performance or quality of meat products 
are looking especially. In the maternal lines, the breeding is going to obtain animals with good 
reproductive skills in order to improve the productivity of the females, ie the number of 
piglets weaned per female per year, which is the greater impact index on the profitability of 
pig farms. The productivity of females has been increasing since the forties through national 
breeding programs that have allowed obtaining higher rates of fertility, reducing embryo 
mortality, increased piglet survival and an important reduction in the calving interval. All 
these achievements would not have reached if reproductive technologies, such as artificial 
insemination, had not been applied routinely so that the genetic potential of breeder males 
with higher quality was better used. 
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As we know the selection and pig production has a pyramidal structure selection, 
applying the selection plans to the apex of the pyramid and transferring the breeding to lower 
levels gradually. The selection of the best breeders is made based on productive and 
reproductive characters fundamentally, but not forgets other aspects. In the last decades there 
have been applying new molecular genetic techniques which have allow the selection using 
genetic markers or even the selection of animals carrying genes that code for production traits 
mainly commercial interests. But we can not forget that in the selection of the breeders must 
focus the fact, as a previous condition, that these animals can’t be carrier of genetics and/or 
chromosomal alterations because the structure of the selection system would enable the 
dissemination of such "defects". 
 There are many types of chromosome aberrations in the karyotype of domestic 
animals that affect the viability of individuals and there are also different chromosomal 
alterations involving less severe changes, changes at structural and chromosomal complement 
level that can produce unbalances affecting the reproductive capacity of carrier animals in 
heterozygous state. One type of these alterations is called reciprocal translocation, the 
alteration with highest incidence and impact in domestic pigs (Popescu and Legault, 1988), 
similar to that seen in humans. What is the most important consequence? The answer is 
simple to observe that it affects the reproductive capacity of carrier animals, when an 
significant increase in embryonic mortality as a result of either parent or both are carriers of 
the defect (Gustavsson et al., 1989) and that in the reproductive process occurs the called 
zygotic selection, ie unbalanced gametes can fertilize but in early stages of development the 
impracticability of the zygote or foetus is produced and as consequence an increase of 
embryonic mortality. This increased mortality is detected by a decrease in litter size. 
As we noted above, the impact of the presence of such alteration is greater in boars 
than in females, but particularly if they are used in a system of artificial insemination or they 
are the breeders located on the top of the genetics pyramid. The real fact is that this type of 
chromosomal alterations has a great economic impact in domestic pig farms because of low 
reproductive rates observed. 
 
RECIPROCAL TRANSLOCATION  IN DOMESTIC PIG 
 
This type of structural chromosome alteration involves an exchange of chromosomal 
segments between, at least, two chromosomes corresponding to two different chromosome 
pairs (Fig. 1). This is a type of chromosomal alteration called balanced because there is no 
loss or gain of genetic material and doesn’t show any phenotypic effect only at the 
reproductive level cause a high number of unbalanced gametes are produced with the result of 
reproductive problems, problems transferred equally to the offspring alive. The domestic pig 
is the species, apart from humans, which have been more systematic studies of chromosomes 
to ascertain the actual incidence of chromosomal alterations and their consequences. All these 
studies have been simultaneous studies on the standardization of pig karyotype; on the 
behaviour of chromosomes at meiosis and with the comparative studies about the fragility of 
the genome of the different domestic species. 
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Figure 1: Schematic representation of a reciprocal translocation 
  
In 1964 the first reciprocal translocation in pigs was identified. It was a boar with 
reduced fertility estimated at 56%, being heterozygous for the 11;15 translocation. Later, with 
the development of different techniques for banding chromosomes, were identified the 
chromosomes involved in different alterations and especially from 80’s, with the 
establishment of the standard pig karyotype (Gustavsson, 1988) and also with the detection of 
animals with reproductive problems especially important in reducing its the litter size, a very 
significant increase in the identification of reciprocal translocations was produced. 
The majority of alterations detected until now has been done in France because of the 
existence of a Cytogenetics control program established on the domestic pigs for the first time 
by Popescu in 1984. Using data from national programs of control of female breeders, there 
were detected the hipoprolific animals suspected of chromosome alteration carriers and then 
there were studied. We note that in opinion of Popescu, hipoprolific is one animal with a 
production of less than eight piglets per litter. Currently all boars before entering to 
insemination centers are Cytogenetics controlled. Obviously the aim of such measure is to 
remove the carriers to prevent the spread of a possible translocation because of the possibility 
to inseminate many females with doses of the carrier boar. 
There are several reviews of reciprocal translocations in domestic pigs from Popescu 
and Legault in 1988 until Pinton in 2004. In Table I appears the published 142 different cases 
of reciprocal translocations in pigs in which two chromosomes are involved (in one are two 
different translocations in the same animal) and 2 cases in which the number of chromosomes 
involved is three. All chromosomes of the domestic pig karyotype are involved in 
translocations of this type, including the sex chromosomes (the Y in one case). The observed 
chromosome pair less involved is 18 (one case), being the most frequent, in order of 
frequency, 14, 15, 1 and 13. Furthermore we note that in almost all breeds with commercial 
interest have been detected translocations, but there were no indications that some of them 
may be more or less affected. In this sense the observed frequencies depend largely on the 
number of animals analyzed. 
About the incidence of chromosomal abnormalities associated with prolificacy, in 
France, in 1986, Popescu and Boscher make a first estimation of 1/1500 but analysing only 
males the frequency of chromosomal alterations in those hipoprolifics ranged between 45 and 
75%. These results have been increased when more and more animals have been analysed. It 
is confirmed that the reciprocal translocations carrier animals are more than 70% of the 
analyzed hipoprolific animals. Ducos et al. (2002) observed a frequency of reciprocal 
translocations in male candidates to be breeders of 0,25% from a sample of 3200 animals. In 
Spain a systematic cytogenetics study has begun with the aim to select the future breeders in 
insemination centers. In a sample of 89 animals tested in a previous study has identified three 
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different types of reciprocal translocations, which represents an incidence of 5.62%. These 
animals belonged to synthetic hiperprolifics commercial breeds (Large White, Duroc-Piétrain; 
Large-Mieshan White-Landrace, Large White-Landrace) or pure breed (Duroc) (Rodriguez 
Velasco, 2008). 
 
EFFECTS OF THE RECIPROCAL TRANSLOCATIONS ON PIG REPRODUCTION 
 
Many factors have influence on the reproduction of pigs in both males and females. 
We can cite among others age, photoperiod, nutritional status, breed, etc. But we must not 
forget one of the factors with an influence with more important in different reproductive 
parameters. These are chromosomal abnormalities. In domestic pigs have been described 
different abnormalities of chromosome complement based on the detection of animals with 
reproductive problems. The cytogenetics study of these animals has provided a tool to control 
animal candidates to enter in the insemination centers. As the majority of chromosomal 
abnormalities detected in this species are reciprocal translocations, is clear that there is a 
direct relationship between problems in the reproductive rate (reduced litter size) and this type 
of anomaly. It has been estimated that between 40 and 50% of animals with reproductive 
problems are carrier of a reciprocal translocation (Gustavsson, 1988, Popescu and Legault, 
1988; Jönsson and Gustavsson, 1992) 
Reviewing briefly the consequences of this alteration we note that the main 
consequence is at the level of gametogenesis in a carrier, and more specifically at the level of 
recombination and subsequent chromosome segregation during the process of meiosis. During 
the meiosis in a heterozygous carrier animal the chromosomes involved in translocation (the 
two chromosome pairs with the two normal chromosomes and the two translocated) must to 
form at the stage of zygotene of the first prophase  (first mitotic division), a shape called 
quatrivalent that allows the pairing of the homologous parts of chromosomes but also other 
shapes can be formed with the same objective as a trivalent and a univalent, two bivalents or 
even four univalents, being the first one, quatrivalent, the most frequent form (Figure 2). 
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Figure 2: Schematic representation of the quatrivalent of a reciprocal translocation 
 
Subsequently, at the stage of anaphase, the chromosomes have migrated toward the 
poles and that chromosome segregation, that is random segregation, can be performed either 
as 2:2 segregation, producing normal gametes, balanced or unbalanced according to the 
orientation of the chromosomes, being alternate, adjacent I and adjacent II; as 3:1 segregation, 
with the formation of unbalanced gametes only or 4:0 with the formation of unbalanced 
gametes too. King et al. (1981) and Gustavsson et al. (1988) determined that the most 
frequently observed segregation was quatrivalent and the resulting unbalanced gametes 
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reached the end of meiosis and were fertile. Thus the formations of unbalanced zygotes were 
possible and, after their subsequent elimination, a reduction in litter size was observed. That is 
the zygotic selection called earlier. 
The reasons because there is a variety of deleterious effects on animals carrying 
different reciprocal translocations we don’t know yet. There are many papers in which 
different hypothesis are proposed that trait to justify the different rates of fertility reduction 
and sterility of the carrier. Lately we are being developed to molecular in situ hybridization 
methods, called "SpermFISH" in order to analyze the proportion of sperm with normal, 
balanced and unbalanced chromosomes in male carriers of chromosomal abnormalities in 
several domestic species. Pinton et al. (2004) analyzed by this method the behaviour of rcp 
(3;15) and was observed that 47.83% of sperm were unbalanced. These data were 
corroborated by Massip et al. (2008) with no variation of the percentage of gametes among 
carrier animals. 
Referring specifically to embryonic mortality as it should be noted that, following 
King (1990), a very important part of the losses is due to embryonic chromosomal 
abnormalities. The reduction in fertility is the parameter most affected by reciprocal 
translocations because if the matings were made between heterozygous carrier animals the 
reduction is higher than the matings in which only one parent is carrier of an alteration (King, 
1981). Different authors, as Ducos et al. (1996), have published indicative percentages of 
reduced prolificacy, pointing that this average could be estimated in a 41% due to reciprocal 
translocations only. But they are certainly not definitive results for obvious reasons. It should 
be considered that the different results or lack of results are the consequences of difficulties in 
the studies as the impossibility to have the reproductive data from carrier animals and the 
control animals; the practice of double insemination with different doses of different males or 
the low number of litters to analyze. Throughout the time these problems have been resolved 
with the cooperation and willingness of specialists of different insemination centers and 
farms. On the other hand it have also been published (Ducos et al. 2004) that many other 
deleterious effects, such as deformities and degeneration of unbalanced embryos which had 
been implanted, embryos carrying all of them unbalanced karyotypes, were observed. The 
observed malformations are the absence of lower jaw; cleft palate and malformations of 
extremities; the lower weight of the piglets when the carrier are the females; the number of 
embryos obtained in different matings; etc. 
 
HOW TO CONTROL THE NEGATIVE EFFECTS OF THE RECIPROCAL 
TRANSLOCATIONS ON DOMESTIC PIGS PRODUCTION 
 
It is evident that all above indicated implies economic consequences very important to 
be considered, indicating the need for cytogenetics studies of animals, especially males, 
selected for reproduction. In some European countries have been established national 
programs to eradicate carriers of reciprocal translocations based on the systematic control of 
matings in which all males are identified. Thus in the moment in which an animal shows a 
significant reduction of their reproductive parameters (fertility diminution, production of low 
litter sizes, piglets with deformities, etc.), it is underwent to a cytogenetics analysis, analysis 
simple and almost routinely.  This system, together with the new reproductive techniques 
implemented on the farms, has provided great information about all chromosomal 
abnormalities associated with breeding and pig production. 
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In recent years, as mentioned above, molecular techniques are being implemented to 
control boars used for breeding. By these techniques the semen of breeders and the percentage 
of sperm carrying unbalance can be evaluated and decide what to do.  
As it is demonstrated the control of carrier animals would be the correct way to avoid 
the big economic losses that these alterations represent. We have not made reference to the 
role that females play in these losses because the detection and control of them becomes more 
difficult, but the involvement of technicians of the farms in the process to observe the litters 
and the presence of piglets with alterations in the offsprings would be vital in the success of 
the program.  
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